IMPORTANCE OF STABILITY
=======================

Dr. Byrd et al. \[[@B1]\] introduced the septal extension graft 15 years ago, and many Korean plastic surgeons have practiced this technique since then \[[@B2],[@B3]\]. Because the septal extension graft is an invasive procedure, cartilage resection can lead to septal weakness. Furthermore, the loss of dorsal strut support might cause nasal collapse or saddle nose deformity, and the loss of caudal strut support might decrease the tip projection or deviate the tip complex.

Septal extension depends on the patient\'s L-strut strength, and thus, the original stability is the most important factor. Deviation of the L-strut, the shape and size of the harvested septum, and the fixation methods are other direct factors that affect the results of the rhinoplasty. Indirect factors that affect the results of the operation include nasal envelope characteristics, previous operation history, lower lateral cartilage and surrounding abutments, and the strength of the depressor septi nasi.

Histological and biomechanical characteristics of the nasal septum
------------------------------------------------------------------

The nasal septum is composed of hyaline cartilage that is used as a supporting or contouring material. It consists of a few chondrocytes and a large number of intercellular substances, primarily formed by regularly distributed collagen fibers. On the other hand, the ear cartilage has many chondrocytes but little intercellular substance and lacks collagen fibers \[[@B4]\]. These features define the histological and morphological characteristics and lead to a difference in the degree of stiffness, curvature, strength, and elasticity. Understanding these characteristics makes it easier to choose the type of cartilage to use for the nose correction and helps in the handling of the cartilage ([Table 1](#T1){ref-type="table"}).

Nasal growth peaks at 13.1 years and matures at 15.8 years in 98% of the female population. Further, it peaks at 14.7 years and matures at 16.9 years in 98% of the male population. It is recommended that septal intervention be conducted after this maturation period \[[@B5]\].

As with other cartilage, the septum also shows age-related changes. While the amount of hydroxyproline, the main component, does not change substantially, that of glycosaminoglycan (GAG) decreases significantly. If the patient is old, the equilibrium modulus decreases and the hydraulic permeability increases; these changes are related to the calcification or ossification of the cartilage. Therefore, when operating on the elderly, the surgeon should be aware that the cartilage might crack while it is being manipulated, and appropriate care should thus be exercised \[[@B6]\].

Is the Korean septum smaller than the Westerners\' septum?
----------------------------------------------------------

In general, the East Asian septal cartilage is believed to be relatively smaller than its Western counterpart. Kim et al. \[[@B7],[@B8]\] reported that the height and length of the septal cartilage of Korean cadavers they examined were, on average, 22.1 mm and 28 mm, respectively. Hwang et al. \[[@B9]\] reported the mean length and height of septal cartilage as 33.1±5.3 and 29.9±4.7 mm, respectively. The thickest part was the septal base anterior to the vomer, which was approximately 2.19-3.03 mm in size, and the thinnest part, at 1.03-1.22 mm, was just above the septal base at 20% of the septal height. Meanwhile, de Pochat et al. \[[@B10]\] stated that the average length and height of the septum of a Brazilian sample was 35.4 mm and 32.5 mm, respectively. The thickest part was 1.7 mm and the thinnest part, 1.04 mm. In a study by Mowlavi et al. \[[@B11]\], the thickest part was 2.7 mm and the thinnest, 1.3 mm. Although the above studies involved only a small number of specimens, there does not appear to be strong supporting evidence that the Korean septum is significantly smaller than the Western septum ([Table 2](#T2){ref-type="table"}) \[[@B8]-[@B11]\]. However, Korean surgeons might believe that their patients\' septum size is relatively small, since a large amount of cartilage is required for tip projection in East Asians. In the author\'s personal experience during 9 years of rhinoplasty, there is a wide range of variation in the septum size among patients.

Operative factors related to the stability of the septal extension graft
------------------------------------------------------------------------

### What harvesting method should we choose?

Similar to other operations, the harvesting process should be based on the \"safe harvest\" concept. False harvesting methods can lead to traumatic results on both the donor site and the grafted site. Harvesting methods can be divided into two types: a division method using a D-knife and a resection method using a swivel knife. The division technique using a D-knife divides the cartilage at the bony-cartilaginous junction and is widely used by skilled surgeons. It can yield a significant amount of cartilage that is located inferiorly to the vomerine groove. A swivel knife is used for the resection of the cartilage; however, it can cause cartilage loss due to inaccurate separation. Furthermore, it is difficult to harvest a large amount of tissue and there is a possibility of damaging the surrounding tissue such as mucosa. Since it is used occasionally, surgeons should choose a division method of their preference. This author personally favors the division method using the D-knife rather than resection \[[@B12]\].

### What amount of cartilage should be harvested? That is, what amount of L-strut should remain?

According to Kim et al. \[[@B7],[@B8]\], if the remaining width of the L-strut is 10 mm, the available septal size that can be harvested is, on average, 12.1 mm×18.0 mm in Koreans. Byrd preferred a graft width of 5-6 mm, and Gruber recommended a graft width of 10 mm. In the East Asian nose, with a higher degree of extension and tip projection, a correspondingly larger and more rigid graft is required. If the harvested septal graft is small, a direct septal extension graft or additional harvesting of the other cartilages is necessary.

There is a more important factor than achieving a large amount of cartilage: the stability of the remaining L-strut. For greater strength of the L-strut, a harvesting method is recommended as described in [Fig. 1](#F1){ref-type="fig"}. One aspect requiring caution during the harvest is that the cutting line should be in a curved shape between the dorsal and the caudal cutting line. In particular, the inferior portion of the keystone area cartilage should remain in order to prevent a saddle nose deformity. Mau et al. \[[@B13]\] noted that the L-strut can survive in the following circumstances: a large width of the L-strut, a long overlapping junction beneath the keystone, and a remnant of the small cartilage block at the bony-cartilage junction of the septum. The preservation of a small cartilage block is more resistive to stress and trauma, which contributes to stability. On the other hand, the available cartilage that can be harvested is reduced. The surgeon should make a flexible decision in several situations.

A recommendation of the width of the L-strut to leave varies among surgeons: Sheen recommends 15 mm; Daniel, 7-8 mm; and Tebbetts, 5-10 mm. The surgeon should always decide on the L-strut size depending on the septum thickness, degree of deviation, and rigidity before harvesting the septum. Furthermore, the surgeon should be aware of the septal differences among patients and be flexible in dealing with the given situation.

I prefer leaving at least 5-6 mm of the septum of the caudal portion depending on the strength and rigidity. It is preferable to leave at least 10 mm at the bony-cartilage junction, which is beneath the keystone area. Resecting more of the caudal portion of the septal cartilage than the cephalic portion does not help to reinforce the L-strut stability on the caudal septum in East Asians since the caudal septum is thin and weak. Therefore, harvested septum should be used for strengthening or reinforcing the caudal septum because caudal septum in Asian is thin and weak.

### Intraoperative evaluation of intactness of the remaining L-strut and its reinforcement

To check the remaining septal L-strut stability, intraoperative stability tests (vertical stability test and horizontal stability test) should be performed. For these stability tests, the caudal strut should be grasped with forceps and mildly shaken vertically and horizontally. If the vertical test is carried out during the operation, the L-strut tends to bend or deviate to one side ([Fig. 2](#F2){ref-type="fig"}) \[[@B14],[@B15]\]. However, with various suture techniques, stability and straightness can be achieved. Gruber et al. \[[@B16],[@B17]\] stated that a mattress suture can control the cartilage curvature and provide 35% increased stiffness and strength. The present author prefers to use either Byrd\'s or Mustard\'s suture technique as these suture principles are similar \[[@B3],[@B18]\]. Sometimes, two or three additional sutures are needed for reinforcement. Even though deviation is not seen in the external appearance, occasionally septal deformity is found during aesthetic operations. In these cases, a weakened and flexed septal strut should be reinforced. If the correction is not completed with suture or scoring, an additional supporting graft with cartilage is essential ([Fig. 3](#F3){ref-type="fig"}).

In the case of a short nose, if the caudal septum is extremely short, relying on a single piece of septal graft is improper. The harvested septum should be used for lengthening and reinforcing the dorsal strut by an extended spreader graft. Additional ear cartilage should be consumed for the columellar strut or vertical strut ([Fig. 4](#F4){ref-type="fig"}).

There is controversy as to whether the surgeon should use an additional spreader graft or batten graft on the concave side or the convex side in cases of septal strut deviation. However, the method varies among surgeons, and hence, the operator should make an appropriate decision for correction.

### Condition of harvested graft

With respect to the harvested graft, the vomer side is thick, the dorsal strut is relatively thin, and the center part is the thinnest area \[[@B9]-[@B11]\]. Owing to this shape, one-third of the inferior part is flexed easily in the cephalocaudal direction during a stress test. The graft design should be made with this in mind ([Fig. 5](#F5){ref-type="fig"}). In cases where the patient has nasal trauma history, a portion of the inferior one-third is the one of the commonest areas of septal deformity or septal fracture. After the cartilage is damaged, volume loss occurs due to apoptosis, making it thinner and weaker, and in turn causing warping and bending \[[@B19],[@B20]\]. The reaction to compressive stress varies according to the direction of collagen orientation (anisotropy) \[[@B21]\]. In cases of a single-block cartilage graft for unilateral extension graft, the results depend on the condition of the harvested graft. Even if the patient has had no trauma history, the septum might have already been bent. In this circumstance, a paired or bilateral extension type of graft is more appropriate than a single block type of unilateral extension. The ethmoidal bone can also be sparsely used for adding rigidity and achieving stabilization \[[@B3],[@B14]\].

### Stabilizing the nasal base

The stabilization of the nasal base, which is the lower third of the nose, acts as a foundation stone and is an important factor for determining the position of the alar-columellar relationship and columella-labial angle. If the supporting power is lost, a deformity of the tip shape or position might arise over the long term \[[@B22],[@B23]\].

In particular, in septoplasty, the basal supporting line might be weakened due to the loss of septal integrity in septal-deviated patients, and vomer or maxillary crest lesions have to be corrected simultaneously. A caudal septal repositioning procedure, which entails rigidly fixating the caudal septum to the anterior nasal spine, should be performed, since the caudal strut is commonly detached or displaced to the midline after a septoplasty. If the nasal base stabilization is not guaranteed at the anterior nasal spine, a new L-strut reconstruction should be carried out. If the remnant cartilage is weak, an additional cartilage graft such as a batten graft is required. Ear cartilage and rib or irradiated rib cartilages are secondary choices for the graft material \[[@B3],[@B23],[@B24]\].

### Preservation of supporting surrounding structures: keystone, upper lateral cartilage, anterior nasal spine, bony septum, and mucoperichondrium

During the elevation of the mucoperichondrium, the mucoperichondrium should not be elevated beneath the keystone in order to lend stability and strength to the keystone area because the perichondrial layer contributes a certain degree of biomechanical strength to the septum \[[@B13],[@B25]\].

Excessively splitting the upper lateral cartilages during septal exposure breaks the dome integrity and therefore, decreases the stability. For the septal harvest, an anterior septal approach caudally is better than the dorsal approach with respect to not dividing the upper lateral cartilage. The cephalic two-thirds of the septum is continuously fused with the upper lateral cartilage and forms a single cartilaginous vault. The distal third is connected with a fibrous attachment \[[@B26]\]. However, the fused septum and upper lateral cartilage might show variable features in each patient. In hump nose correction, excising too much of the upper lateral cartilage might weaken or break the keystone area, and therefore, the surgeon must exercise appropriate caution.

The mucoperichondrium of the septum consists of the mucosa and the perichondrium, which form a composite layer. Dissection through the submucosal plane during the harvest is a common inadvertent mistake. This causes not only mucosal thinning but also an increase in the possibility of hematoma formation. It results in the loss of support of the perichondrium and affects the septal stability after the operation. The surgeon is obliged to carry out a submucoperichondrial plane approach after confirmation. Kim et al. \[[@B25]\] reported that the perichondrial layer is the key factor for biomechanical strength. Supplementation of the nasal septal lining prevents complications such as septal perforation.

Although there are variations among patients, the fibrous connective tissue, soft tissue, and some fibers of the depressor septi nasi are usually located at the interspace between the rear of the medial crura of the lower lateral cartilage and the caudal septum. This interspace area is called the \"membranous septum.\" It acts as a shock-resistant medium against external impact and plays an important role in dynamic expression and mobility. Excessive manipulation of this area can be a source of hematoma or scar formation, leading to irreversible scarring.

Because the septal extension graft is widely used, if the membranous septum is damaged or substituted with cartilage, the patient might complain about tip hardness and inconvenience, and this problem is still being explored by researchers \[[@B27]\]. From the perspective of a tip plasty, following the rules of appropriate dissection of the membranous septum and the maximal preservation of this component are critical.

### What is the best choice for selecting a graft type?

The graft types most commonly used by surgeons are the unilateral batten type and the caudal extension type \[[@B1],[@B22],[@B23]\]. For these graft techniques, the patient\'s septal lining should be straight and a large amount of harvested graft is necessary. The caudal septal angle of the recipient site should be rigid and stable. However, in many patients, the L-strut size tends to flex easily in one direction. If the L-strut shifts from the midline or caudally deviates and deflects, the caudal septum deformity should be corrected or the L-strut should be reconstructed. As described earlier, if the septum shows a significant intrinsic deformity, a paired, bilateral caudal extension after septal lining correction should be performed instead of a unilateral extension graft.

Originally, the septal extension graft was an L-strut dependent graft technique. The postoperative tip is influenced by stress factors, such as gravity, pressure of the skin-soft tissue envelope (SSTE), and dynamic action of the facial muscles. To select a graft type, all of these factors should be considered. If nasal lengthening is required for a short nose correction, a spreader-type graft is favorable since it requires extended dorsal strut power. The strength to increase the tip projection might be relatively deficient. The postoperative stress vector that affects the tip SSTE is in the cephalocaudal direction. In order to overcome this, a force columellar strut or vertical-type batten graft should be added. The stress condition to the tip is severe in short-nosed patients, who have thick soft tissue and taut skin. For long-term satisfactory results, an additional graft for the tip support is recommended. In cases where there is strong drooping action, an independent strut-type extension or columellar strut will facilitate stability \[[@B14]\]. It is suggested that the surgeon not rely on techniques such as choosing the spreader type or batten type but rather have a flexible operative process under any circumstances and according to the unique factors of each patient.

### Release of retaining action: Around the lower lateral cartilages and ligamentous structures

Since the alar cartilage is connected to the upper lateral cartilage and the surrounding ligamentous structures, it must be released softly with minimal tension to anchor the septal extension graft. In particular, in cases of a short nose, the structures attached to an upturned nose or a drooping nose should be sufficiently released, since counter-rotation or rotation arc manipulation is necessary. This maneuver also allows caudal retraction of the lower lateral cartilage without tension ([Fig. 6](#F6){ref-type="fig"}). Removing these retaining actions can yield a stable tip shape. A profound understanding of the anatomical structures is a precondition to prevent excessive manipulation \[[@B28]-[@B30]\].

### Fixation and insetting

For caudal septal extension, at least 3-4 mm of the caudal septum and the graft should be overlapped for stable and firm fixation. Upper and lower fixation sutures prevent the displacement of the graft \[[@B12],[@B22],[@B23]\]. Usually, 3 or 5 fixation sutures are applied between the graft and the septum. However, \"up and down\" pivot motion occurs during the stability test. In addition to the traditional suture, a pivot locking suture is effective in preventing this \"up and down\" pivot motion. Rather than the number of fixation sutures, their effectiveness is a more critical factor. Appropriate location, that is, where the L-strut and the graft meet, of the pivot locking suture is helpful in preventing the up and down pivot motion \[[@B15]\]. Usually, nylon or PDS 5-0 is selected for firm sutures between the graft and the L-strut.

### Characteristics of the nasal envelope: Resistance to static and persistent stress

In the case of a relatively thick nasal envelope, tip expression is unsatisfactory. The thick envelope exerts constant compression stress to the cartilaginous structures. In particular, the nasal superficial musculoaponeurotic system (SMAS) thickness and characteristics are closely related with the SSTE (nasal envelope) texture and sebaceous contents. A thick SSTE has a thick SMAS and low elasticity, and the tip shape and definition are poorer than in the case of a thin SSTE ([Fig. 7](#F7){ref-type="fig"}). One of the characteristics of Koreans is that the variation spectrum is extremely wide with substantial nasal envelope thickness. Patients who have a thick layer are often dissatisfied with the operative results \[[@B31]\].

### Dynamic component of tip

Dynamic factors related to tip drooping are the depressor septi nasi muscle inferiorly and the levator labii superioris alaque nasi muscle laterally. The depressor septi nasi is responsible for the tip downward action. Since it acts in a uni-directional manner, its action can be prevented by direct manipulation or a supporting graft. It is difficult to manage the action of the levator labii and other smiling muscles because their actions are lateral tenting \[[@B32]\]. Daily high-frequency stress (talking, eating, smiling, yawning, and so on) can be controlled with a Botox injection postoperatively to the muscles that are around the nose, such as the levators and the smiling muscles. Weakening of these muscles aids initial stable scar modeling after an operation \[[@B33]\].

### Asymmetric structure and patients\' habitual facial movements

From a review of previous articles and clinical experience, it has been found that the left side of a woman\'s face is typically smaller than the right. The bone is also retrograde depressed and soft tissue is relatively thin on the left side \[[@B34]\]. The tip complex shows a similar pattern, but this does not show any correlation with the appearance or the region beneath the cartilage. In general, the caudal septum is altered in less than 50% of the patients and the anterior nasal spine is changed in less than 5% \[[@B35]\]. In my experience, several patients have shown caudal septal deviation without significant nasal deviation. This causes tip deviation afterwards, even though the septum is placed at the midline. The different powers of facial muscles and personal habitual actions can deviate the structures progressively.

### Does the cartilage regenerate after harvesting the septum?

Several studies have reported that the perichondrium is related to cartilage regeneration. Some specimens of the author\'s revision rhinoplasty cases showed the formation of neocartilage at the septum ([Fig. 8](#F8){ref-type="fig"}). With respect to the donor site, neocartilage also helps the strength, and therefore, mucoperichondrial preservation is critical. Thus, using the neocartilage in rhinoplasty is not recommended. Some other attempts such as using a bioabsorbable plate, PDS foil, and insertion into the donor site are now in progress \[[@B36],[@B37]\].
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![Septal harvesting\
If the incision line changes its direction, it has to be at a round angle and not a right angle. The remaining small cartilage block can support the power of the remaining L-strut. (A) Illustrations of septum harvesting. (B) Intraoperative view.](aps-41-19-g001){#F1}

![Stability test of caudal L-strut\
(A) Before stress. (B) The septum tends to flex to one side depending on its property while pushing with forceps posteriorly.](aps-41-19-g002){#F2}

![Intraoperative view of septal deviation\
(A) Septal deformity is occasionally found without apparent deviation. (B) Severe intrinsic deviation of the caudal septum is observed after the septal harvest. (C) Strengthening with Mustard\'s suture technique and extended spreader graft.](aps-41-19-g003){#F3}

![Short nose correction using the ear and septum\
(A) Small nose with short caudal septum. (B) Preoperative view. (C) Harvested cartilages (septum and ear). (D) Postoperative view. (E) Operation diagram.](aps-41-19-g004){#F4}

![One-third of the inferior part is flexed easily\
The graft design should be made according to this condition. (A) Harvested septum, before design. (B) Prefabrication of graft.](aps-41-19-g005){#F5}

![Cadaver models\
Alar mobilization in order to reduce tip tension (during septal graft insetting). (A) The ligamentous structures are visible around the alar cartilage. (B) After scroll release. (C) After nasal hinge release.](aps-41-19-g006){#F6}

![Difference in nasal superficial musculoaponeurotic system in each patient\
(A-D) Tip definition and surgical control of projection is trouble-free in thin skin-soft tissue envelope (SSTE) patients. (E-H) In contrast, tip definition is difficult in the case of a thick SSTE, and these patients are often unsatisfied with the long-term results. (I, J) From a long-term perspective, the loss of tip projection might occur due to tissue pressure to the tip complex.](aps-41-19-g007){#F7}

![Neocartilage formation\
A specimen from revision rhinoplasty showed the formation of neocartilage at the septum (H&E, ×2.5).](aps-41-19-g008){#F8}
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Histological characteristics of each cartilage and their usage
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Studies on the measurement of human septal cartilage
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